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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a field of electronic technology, and in particular to an unmanned aerial vehicle
cluster system, a method, apparatus, and system of launching, and a readable medium.

BACKGROUND

[0002] Atpresent, the use of a single unmanned aerial vehicle (such as aerial photography, patrol inspection, logistics,
etc.) has been relatively mature. Taking into account the advantages of multi-rotor unmanned aerial vehicle such as
accurate positioning, flexible position tracking and capability of hovering, it is undoubtedly an important trend in current
unmanned aerial vehicle development to use multiple unmanned aerial vehicles to form a formation to perform tasks.
[0003] In a process of realizing a concept of the present disclosure, the inventor found that there are at least following
problems in a related art. When using unmanned aerial vehicle formation to perform tasks, it is generally necessary to
make unmanned aerial vehicles launch from a specified position and assemble to form a specified formation before
performing tasks. Due to cost control and technical limitations, an unmanned aerial vehicle formation flight is generally
realized in a preset script path. Considering complex launch environment and interferences, a primary problem to be
solved in launch of unmanned aerial vehicles is to avoid collisions as much as possible. At present, how to solve the
collision problem is generally considered from a perspective of an initial placement position for the unmanned aerial
vehicle on the ground. Specifically, the collision problem is solved by placing the unmanned aerial vehicles on the ground
in a specified number sequence according to a relative position during assembly. Further, it is necessary to appropriately
increase a distance between two adjacent unmanned aerial vehicles so that there is a sufficient safety space during the
unmanned aerial vehicle launch.

[0004] The above method to solve the collision problem has following defects. Each unmanned aerial vehicle needs
to be assigned a number manually. Therefore, when the formation includes a large number of unmanned aerial vehicles,
it is time-consuming to manually assign the numbers one by one, and when an unmanned aerial vehicle fails and needs
to be replaced, it is also necessary to continue to assign numbers to the substitution. Furthermore, there are many
restrictions on the placement of unmanned aerial vehicles. On the one hand, the unmanned aerial vehicle with a specified
number needs to be placed in a specified position. An incorrect placement may cause collision between unmanned
aerial vehicles, and therefore result in a failure of the formation launch task. On the other hand, the placement of
unmanned aerial vehicles is greatly affected by limiting factors such as ground space, environment, and so on. Therefore,
the placement of unmanned aerial vehicles is often difficult to meet the requirements of assembly formation.

SUMMARY

[0005] Inview of this, the presentdisclosure provides an unmanned aerial vehicle cluster system, a method, apparatus,
and system of launching, and a readable medium, with which the time consumption in manual operation and site re-
quirements may be effectively reduced.

[0006] Anaspectofthe presentdisclosure provides a method of launching an unmanned aerial vehicle cluster including
a plurality of unmanned aerial vehicles located in a launch area. The method includes: acquiring launch positions for
the plurality of unmanned aerial vehicles in the launch area; acquiring an assembly area corresponding to the launch
area, wherein the assembly area includes a plurality of target positions; determining a target position for each unmanned
aerial vehicle of the plurality of unmanned aerial vehicles according to the launch positions for the plurality of unmanned
aerial vehicles and the plurality of target positions; and launching the plurality of unmanned aerial vehicles according to
the launch position for each unmanned aerial vehicle of the plurality of unmanned aerial vehicles and the target position
for the each unmanned aerial vehicle.

[0007] According the embodiments of the present disclosure, the launching the plurality of unmanned aerial vehicles
according to the launch position for each unmanned aerial vehicle of the plurality of unmanned aerial vehicles and the
target position for the each unmanned aerial vehicle includes: determining a flight path of the each unmanned aerial
vehicle according to the launch position for the each unmanned aerial vehicle and the target position for the each
unmanned aerial vehicle; determining a first distance between any two unmanned aerial vehicles of the plurality of
unmanned aerial vehicles according to the flight paths of the any two unmanned aerial vehicles; determining a launch
time of the each unmanned aerial vehicle according to the first distance between the any two unmanned aerial vehicles;
and launching the each unmanned aerial vehicle according to the launch position for the each unmanned aerial vehicle
and the flight path of the each unmanned aerial vehicle, wherein the first distance between the any two unmanned aerial
vehicles is a shortest distance between the flight paths of the any two unmanned aerial vehicles.

[0008] According the embodiments of the present disclosure, the determining the launch time of the each unmanned
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aerial vehicle according to the first distance between the any two unmanned aerial vehicles includes: dividing the plurality
of unmanned aerial vehicles into N flight groups according to the first distance between the any two unmanned aerial
vehicles, where N is an integer greater than 1; and determining the launch time of each flight group of the N flight groups,
wherein each flight group includes at least one unmanned aerial vehicle, and in a case that the any flight group of the
N flight groups includes more than one unmanned aerial vehicles, the first distance between any two unmanned aerial
vehicles of the more than one unmanned aerial vehicles is not less than a preset distance; different flight groups have
different launch times, and the at least one unmanned aerial vehicle in each flight group has the same launch time.
[0009] According the embodiments of the present disclosure, the dividing the plurality of unmanned aerial vehicles
into N flight groups according to the first distance between the any two unmanned aerial vehicles includes cyclically
performing operations of: determining a number of unmanned aerial vehicles in an i-th flight group; determining whether
the first distance between any two unmanned aerial vehicles in the i-th flight group is less than the preset distance or
not, in response to determining that the number of unmanned aerial vehicles in the i-th flight group is greater than 1;
allocating one of two unmanned aerial vehicles in the i-th flight group into an i+1-th flight group in response to determining
that the first distance between the two unmanned aerial vehicles is less than the preset distance; and setting i to ji+1 in
response to determining that the first distance between every two unmanned aerial vehicles in the i-th flight group is not
less than the preset distance, wherein the plurality of unmanned aerial vehicles belong to a first flight group before
cyclically performing the operations, 1<i<N.

[0010] According the embodiments of the present disclosure, the determining a target position for each unmanned
aerial vehicle of the plurality of unmanned aerial vehicles according to the launch positions for the plurality of unmanned
aerial vehicles and the plurality of target positions includes: establishing a bipartite graph according to the launch positions
for the plurality of unmanned aerial vehicles and the plurality of target positions; determining flight distances of the each
unmanned aerial vehicle with respect to the plurality of target positions according to the launch positions for the plurality
of unmanned aerial vehicles and the plurality of target positions; performing a maximum weight matching calculation on
the bipartite graph according to the flight distances of the each unmanned aerial vehicle with respect to the plurality of
target positions, so as to obtain a calculation result; and determining the target position for the each unmanned aerial
vehicle according to the calculation result, wherein the calculation result is to minimize a sum of the flight distance of
each unmanned aerial vehicle of the plurality of unmanned aerial vehicles with respect to the determined target position.
[0011] According the embodiments of the present disclosure, the acquiring launch positions for the plurality of un-
manned aerial vehicles in the launch area includes: acquiring positioning information of the plurality of unmanned aerial
vehicles in the launch area; determining a coordinate origin in the launch area; and converting the positioning information
of the plurality of unmanned aerial vehicles in the launch area into relative position information with respect to the
coordinate origin according to a conversion rule, wherein the relative position information indicates the launch positions
for the plurality of unmanned aerial vehicles in the launch area.

[0012] Anotheraspectof the presentdisclosure provides an apparatus of launching an unmanned aerial vehicle cluster
including a plurality of unmanned aerial vehicles located in a launch area. The apparatus includes: a launch position
acquisition module configured to acquire launch positions for the plurality of unmanned aerial vehicles in the launch
area; an assembly area acquisition module configured to acquire an assembly area corresponding to the launch area,
wherein the assembly area includes a plurality of target positions; a target position determination module configured to
determine a target position for each unmanned aerial vehicle of the plurality of unmanned aerial vehicles according to
the launch positions for the plurality of unmanned aerial vehicles and the plurality of target positions; and a launch control
module configured to launch the plurality of unmanned aerial vehicles according to the launch position for each unmanned
aerial vehicle of the plurality of unmanned aerial vehicles and the target position for the each unmanned aerial vehicle.
[0013] According the embodiments of the present disclosure, the launch control module includes: a flight path deter-
mination sub-module configured to determine a flight path of the each unmanned aerial vehicle according to the launch
position for the each unmanned aerial vehicle and the target position for the each unmanned aerial vehicle; a first distance
determination sub-module configured to determine a first distance of any two unmanned aerial vehicles of the plurality
of unmanned aerial vehicles according to the flight paths of the any two unmanned aerial vehicles; a launch time
determination sub-module configured to determine a launch time of the each unmanned aerial vehicle according to the
first distance between the any two unmanned aerial vehicles; and a launch control sub-module configured to launch the
each unmanned aerial vehicle according to the launch time of the each unmanned aerial vehicle and the flight path of
the each unmanned aerial vehicle, wherein the first distance between the any two unmanned aerial vehicles is a shortest
distance between the flight paths of the any two unmanned aerial vehicles.

[0014] According the embodiments of the present disclosure, the launch time determination sub-module includes: a
division unit configured to divide the plurality of unmanned aerial vehicles into N flight groups according to the first
distance between the any two unmanned aerial vehicles, where N is an integer greater than 1; and a determination unit
configured to determine a launch time of each flight group of the N flight groups, wherein each flight group includes at
least one unmanned aerial vehicle, and in a case that the any flight group of the N flight groups includes more than one
unmanned aerial vehicles, the first distance between any two unmanned aerial vehicles of the more than one unmanned
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aerial vehicles is not less than a preset distance; different flight groups have different launch times, and the at least one
unmanned aerial vehicle in each flight group has the same launch time.

[0015] According the embodiments of the present disclosure, the division unit is further configured to cyclically perform
operations of: determining a number of unmanned aerial vehicles in an i-th flight group; determining whether the first
distance between any two unmanned aerial vehicles in the i-th flight group is less than the preset distance or not, in
response to determining that the number of unmanned aerial vehicles in the i-th flight group is greater than 1; allocating
one of two unmanned aerial vehicles in the i-th flight group into an i+1-th flight group in response to determining that the
first distance between the two unmanned aerial vehicles is less than the preset distance; and setting i to i+1 in response
to determining that the first distance between every two unmanned aerial vehicles in the i-th flight group is not less than
the preset distance, wherein the plurality of unmanned aerial vehicles belong to a first flight group before cyclically
performing the operations, 1<i<N.

[0016] According the embodiments of the present disclosure, the target position determination module includes: a
bipartite graph establishment sub-module configured to establish a bipartite graph according to the launch positions for
the plurality of unmanned aerial vehicles and the plurality of target positions; a flight distance determination sub-module
configured to determine flight distances of the each unmanned aerial vehicle with respect to the plurality of target positions
according to the launch positions for the plurality of unmanned aerial vehicles and the plurality of target positions; a
calculation sub-module configured to perform a maximum weight matching calculation on the bipartite graph according
to the flight distances of the each unmanned aerial vehicle with respect to the plurality of target positions, so as to obtain
a calculation result; and a target position determination sub-module configured to determine the target position for the
each unmanned aerial vehicle according to the calculation result, wherein the calculation result is to minimize a sum of
the flight distance of each unmanned aerial vehicle of the plurality of unmanned aerial vehicles with respect to the
determined target position.

[0017] According the embodiments of the present disclosure, the launch position acquisition module includes: a po-
sitioning information acquisition sub-module configured to acquire positioning information of the plurality of unmanned
aerial vehicles in the launch area; a coordinate origin determination sub-module configured to determine a coordinate
origin in the launch area; and a conversion sub-module configured to convert the positioning information of the plurality
of unmanned aerial vehicles in the launch area into relative position information with respect to the coordinate origin
according to a conversion rule, wherein the relative position information indicates the launch positions for the plurality
of unmanned aerial vehicles in the launch area.

[0018] Another aspect of the present disclosure provides an unmanned aerial vehicle cluster system, including a
plurality of unmanned aerial vehicles and a control device. Each unmanned aerial vehicle includes: a sensor configured
to acquire positioning information of the unmanned aerial vehicle in which the sensor is located; and a controller configured
to control, according to a flight signal, a flight of the unmanned aerial vehicle in which the controller is located. The
controller device includes a memory and a processor. The memory has one or more program instructions stored thereon.
The processor is configured to perform, according to the one or more program instructions, operations of: determining
launch positions for the plurality of unmanned aerial vehicles in a launch area according to the positioning information
of the plurality of unmanned aerial vehicles; acquiring an assembly area corresponding to the launch area, wherein the
assembly area includes a plurality of target positions; determining a target position for each unmanned aerial vehicle of
the plurality of unmanned aerial vehicles according to the launch positions for the plurality of unmanned aerial vehicles
and the plurality of target positions; and transmitting a flight signal to the controller of the each unmanned aerial vehicle
according to the launch position for the each unmanned aerial vehicle and the target position for the each unmanned
aerial vehicle.

[0019] According tothe embodiments of the present disclosure, the processor is configured to transmit the flight signal
by: determining a flight path of the each unmanned aerial vehicle according to the launch position for the each unmanned
aerial vehicle and the target position for the each unmanned aerial vehicle; determining a first distance between any
two unmanned aerial vehicles of the plurality of unmanned aerial vehicles according to the flight paths of the any two
unmanned aerial vehicles; determining a launch time of the each unmanned aerial vehicle according to the first distance
between the any two unmanned aerial vehicles; and transmitting a flight signal to the each unmanned aerial vehicle
according to the launch time of the each unmanned aerial vehicle and the flight path of the each unmanned aerial vehicle,
wherein the first distance between the any two unmanned aerial vehicles is a shortest distance between the flight paths
of the any two unmanned aerial vehicles.

[0020] According to the embodiments of the present disclosure, the determining a launch time of the each unmanned
aerial vehicle according to the first distance between the any two unmanned aerial vehicles includes: dividing the plurality
of unmanned aerial vehicles into N flight groups according to the first distance between the any two unmanned aerial
vehicles, where N is an integer greater than 1; and determining a launch time of each flight group of the N flight groups,
wherein each flight group includes at least one unmanned aerial vehicle, and in a case that any flight group of the N
flight groups includes more than one unmanned aerial vehicles, the first distance between any two unmanned aerial
vehicles of the more than one unmanned aerial vehicles is not less than a preset distance; different flight groups have



10

15

20

25

30

35

40

45

50

55

EP 3 944 052 A1

different launch times, and the at least one unmanned aerial vehicle in each flight group has the same launch time.
[0021] According to the embodiments of the present disclosure, the dividing the plurality of unmanned aerial vehicles
into N flight groups according to the first distance between the any two unmanned aerial vehicles includes cyclically
performing operations of: determining a number of unmanned aerial vehicles in an i-th flight group; determining whether
the first distance between any two unmanned aerial vehicles in the i-th flight group is less than the preset distance or
not, in response to determining that the number of unmanned aerial vehicles in the i-th flight group is greater than 1;
allocating one of two unmanned aerial vehicles in the i-th flight group into an i+1-th flight group in response to determining
that the first distance between the two unmanned aerial vehicles is less than the preset distance; and setting i to ji+1 in
response to determining that the first distance between every two unmanned aerial vehicles in the i-th flight group is not
less than the preset distance, wherein the plurality of unmanned aerial vehicles belong to a first flight group before
cyclically performing the operations, 1<i<N.

[0022] According to the embodiments of the present disclosure, the determining a target position for each unmanned
aerial vehicle of the plurality of unmanned aerial vehicles according to the launch positions for the plurality of unmanned
aerial vehicles and the plurality of target positions includes: establishing a bipartite graph according to the launch positions
for the plurality of unmanned aerial vehicles and the plurality of target positions; determining flight distances of the each
unmanned aerial vehicle with respect to the plurality of target positions according to the launch positions for the plurality
of unmanned aerial vehicles and the plurality of target positions; performing a maximum weight matching calculation on
the bipartite graph according to the flight distances of the each unmanned aerial vehicle with respect to the plurality of
target positions, so as to obtain a calculation result; and determining the target position for the each unmanned aerial
vehicle according to the calculation result, wherein the calculation result is to minimize a sum of the flight distance of
each unmanned aerial vehicle of the plurality of unmanned aerial vehicles with respect to the target position determined.
[0023] According to the embodiments of the present disclosure, the determining the launch positions for the plurality
of unmanned aerial vehicles in the launch area according to the positioning information of the plurality of unmanned
aerial vehicles includes: determining a coordinate origin in the launch area; and converting the positioning information
ofthe plurality of unmanned aerial vehicles into relative position information with respect to the coordinate origin according
to a conversion rule, wherein the relative position information indicates the launch positions for the plurality of unmanned
aerial vehicles in the launch area.

[0024] According to the embodiments of the present disclosure, the control device is provided in any unmanned aerial
vehicle of the plurality of unmanned aerial vehicles.

[0025] Another aspect of the present disclosure provides a system of launching an unmanned aerial vehicle cluster,
including: one or more processors; and a storage device for storing one or more programs, wherein the one or more
programs, when executed by the one or more processors, cause the one or more processors to perform the method of
launching the unmanned aerial vehicle cluster described above.

[0026] Another aspect of the present disclosure provides a computer-readable medium having executable instructions
stored thereon, wherein the instructions, when executed by a processor, cause the processor to perform the method of
launching the unmanned aerial vehicle cluster described above.

[0027] Another aspect of the present disclosure provides a computer program containing computer-executable in-
structions, and the instructions, when executed, are allowed to perform the method of launching the unmanned aerial
vehicle cluster described above.

[0028] The embodiments of the present disclosure may at least partially solve the defect of large time consumption
caused by manually assigning numbers one by one for the launch of the unmanned aerial vehicle cluster in a related
art. By the method of determining the target positions for the unmanned aerial vehicles according to the launch positions
for the unmanned aerial vehicles and launching the unmanned aerial vehicles according to the launch positions and the
target positions, the process of manually assigning numbers one by one may be eliminated, the time consumption in
manual operation may be reduced, and the requirements for the launch site may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Theaccompanying drawings are used to provide a further understanding of the present disclosure and constitute
a part of the specification. Together with the following specific embodiments, they are used to explain the present
disclosure, but do not constitute a limitation to the present disclosure.

FIG. 1 schematically shows an application scene of an unmanned aerial vehicle cluster system, a launch control
method, a launch control apparatus, a launch control system, and a readable medium according to the embodiments
of the present disclosure.

FIG. 2 schematically shows a flowchart of a method of launching an unmanned aerial vehicle cluster according to
the embodiments of the present disclosure.
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FIG. 3 schematically shows a flowchart of acquiring a launch position for an unmanned aerial vehicle according to
the embodiments of the present disclosure.

FIG. 4 schematically shows a flowchart of determining a target position for each unmanned aerial vehicle according
to the embodiments of the present disclosure.

FIG. 5 schematically shows a flowchart of launching the unmanned aerial vehicles according to the embodiments
of the present disclosure.

FIG. 6A schematically shows a flowchart of determining launch times of a plurality of unmanned aerial vehicles
according to the embodiments of the present disclosure.

FIG. 6B schematically shows a flowchart of dividing a plurality of unmanned aerial vehicles into N flight groups
according to the embodiments of the present disclosure.

FIG. 7 schematically shows a schematic diagram of an assembly effect of the unmanned aerial vehicles in an
assembly area after the launch of the unmanned aerial vehicles according to the embodiments of the present
disclosure.

FIG. 8 schematically shows a structural block diagram of an apparatus of launching an unmanned aerial vehicle
cluster according to the embodiments of the present disclosure.

FIG. 9 schematically shows a block diagram of a launch control system for implementing the method of launching
the unmanned aerial vehicle cluster according to the embodiments of the present disclosure.

FIG. 10A schematically shows a schematic diagram of an unmanned aerial vehicle cluster system according to an
exemplary embodiment of the present disclosure.

FIG. 10B schematically shows a schematic diagram of an unmanned aerial vehicle cluster system according to
another exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Embodiments of the present disclosure will be described below with reference to the drawings. It should be
understood, however, that these descriptions are merely exemplary and are notintended to limit the scope of the present
disclosure. In the following detailed description, for ease of interpretation, many specific details are set forth to provide
a comprehensive understanding of the embodiments of the present disclosure. However, it is clear that one or more
embodiments may also be implemented without these specific details. In addition, in the following description, descriptions
of well-known structures and technologies are omitted to avoid unnecessarily obscuring the concepts of the present
disclosure.

[0031] The terms used herein are for the purpose of describing specific embodiments only and are not intended to
limit the present disclosure. The terms "comprising”, "including", etc. used herein indicate the presence of the feature,
step, operation and/or part, but do not exclude the presence or addition of one or more other features, steps, operations
or parts.

[0032] All terms used herein (including technical and scientific terms) have the meanings generally understood by
those skilled in the art, unless otherwise defined. It should be noted that the terms used herein shall be interpreted to
have meanings consistent with the context of this specification, and shall not be interpreted in an idealized or too rigid way.
[0033] In a case of using the expression similar to "at least one of A, B and C", it should be explained according to
the meaning of the expression generally understood by those skilled in the art (for example, "a system including at least
one of A, B and C" should include but not be limited to a system including only A, a system including only B, a system
including only C, a system including A and B, a system including A and C, a system including B and C, and/or a system
including A, B and C). In a case of using the expression similar to "at least one of A, B or C", it should be explained
according to the meaning of the expression generally understood by those skilled in the art (for example, "a system
including at least one of A, B or C" should include but not be limited to a system including only A, a system including
only B, a system including only C, a system including A and B, a system including A and C, a system including B and
C, and/or a system including A, B and C).

[0034] The embodiments of the present disclosure provide a method, apparatus, system for launching an unmanned
aerial vehicle cluster and a readable medium. The unmanned aerial vehicle cluster includes a plurality of unmanned
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aerial vehicles located in a launch area. The method of launching the unmanned aerial vehicle cluster includes: acquiring
launch positions for the plurality of unmanned aerial vehicles in the launch area; acquiring an assembly area corresponding
to the launch area, wherein the assembly area includes a plurality of target positions; determining a target position for
each unmanned aerial vehicle of the plurality of unmanned aerial vehicles according to the launch positions for the
plurality of unmanned aerial vehicles and the plurality of target positions; and launching the plurality of unmanned aerial
vehicles according to the launch position for each unmanned aerial vehicle of the plurality of unmanned aerial vehicles
and the target position for each unmanned aerial vehicle.

[0035] FIG. 1 schematically shows an application scene of the unmanned aerial vehicle cluster, the launch control
method, the launch control apparatus, the launch control system and the readable medium according to the embodiments
of the present disclosure. It should be noted that FIG. 1 only shows an example of the application scene in which the
embodiments of the present disclosure may be applied so as to help those skilled in the art understand technical contents
of the present disclosure. It does not mean that the embodiments of the present disclosure may not be used for other
apparatuses, systems, environments or scenes.

[0036] As shown in FIG. 1, a launch area 10 is provided in the application scene, and an unmanned aerial vehicle
cluster including unmanned aerial vehicles 101 to 105 is placed in the launch area 10.

[0037] The launch area 10 may be specifically, for example, a flat area on a ground and serve as a launch site for the
unmanned aerial vehicles. The launch area 10 corresponds to an assembly area 20 according to a geographic location
of the launch area 10 (for example, longitude, latitude, and height), and the assembly area 20 is used to define a spatial
range in which the the unmanned aerial vehicle cluster assembles after launch.

[0038] According to the requirements of arranging the unmanned aerial vehicle cluster to perform tasks, the assembly
area 20 may include predetermined target positions, for example, target positions 201 to 205. A number of the target
positions is the same as that of the unmanned aerial vehicles in the unmanned aerial vehicle cluster, so that the unmanned
aerial vehicle cluster, after flying to the target positions in the assembly area, may be arranged in aformation corresponding
to the task, such as a "T" formation shown in FIG. 1. An arrangement of the target positions depends on the formation
of the unmanned aerial vehicle cluster in the assembly area. It may be understood that the arrangement of the target
positions and the formation of the unmanned aerial vehicle clusterin the assembly area shown in FIG. 1 are only examples
to facilitate the understanding of the present disclosure, and the arrangement and formation may be set according to
specific tasks. For example, the unmanned aerial vehicle cluster may also be arranged in a "D" formation, a "flying bird"
formation, an oval formation, or a diamond formation in the assembly area, which is not limited in the present disclosure.
[0039] The unmanned aerial vehicles 101 to 105 may be specifically multi-rotor unmanned aerial vehicles, unmanned
helicopters, or fixed-wing unmanned aerial vehicles. Considering advantages of multi-rotor unmanned aerial vehicle
such as accurate positioning, flexible position tracking and capability of hovering, the unmanned aerial vehicles 101 to
105 in the embodiments of the present disclosure are preferably multi-rotor unmanned aerial vehicles.

[0040] The method oflaunching the unmanned aerial vehicle cluster provided by the present disclosure may specifically
include: firstly determining the assembly area 20 according to the launch area 10, and determining a number and a
distribution of the target positions in the assembly area according to task requirements; then assigning an appropriate
target position to each unmanned aerial vehicle according to the launch positions for the unmanned aerial vehicle cluster
in the launch area, and launching each unmanned aerial vehicle so that the unmanned aerial vehicle cluster is arranged
in a pattern corresponding to the task requirements in the assembly area when each unmanned aerial vehicle flies to
the assigned target position.

[0041] Considering that the launching of the unmanned aerial vehicle cluster is implemented by determining a flight
path in real time according to the launch position for the unmanned aerial vehicle instead of by using a preset script
path, there is no need to strictly limit the placement position for the unmanned aerial vehicle cluster in the launch area
before launching of the unmanned aerial vehicle cluster according to the embodiments of the present disclosure is
performed, as long as the placement of the unmanned aerial vehicles satisfies basic launch conditions (for example, a
distance between any two unmanned aerial vehicles is about 0.5 m to 1 m). Therefore, the requirements of the unmanned
aerial vehicle cluster on a space environment of the launch site may be reduced, which may facilitate an execution of
the task of arranging in formation.

[0042] It may be understood that the launch area, the assembly area, the number of the unmanned aerial vehicles in
the unmanned aerial vehicle cluster, the placement positions for the unmanned aerial vehicles in the launch area, the
number of the target positions, and the distribution of the target positions in the assembly area shown in FIG. 1 are only
schematic. The positions for the launch area and the assembly area, and the number of the unmanned aerial vehicles
and the target positions may be set arbitrarily according to implementation needs.

[0043] FIG.2schematically shows aflowchart of the method of launching the unmanned aerial vehicle cluster according
to the embodiments of the present disclosure.

[0044] AsshowninFIG. 2, the method of launching the unmanned aerial vehicle cluster according to the embodiments
of the present disclosure may include operation S210 to operation S240.

[0045] The unmanned aerial vehicle cluster may include a plurality of unmanned aerial vehicles located in the launch
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area, for example, unmanned aerial vehicles 101 to 105 located in the launch area 10 in FIG. 1. Accordingly, for example,
before performing the operation S210, it is also possible to place the unmanned aerial vehicles in the launch area
manually. In placing the unmanned aerial vehicles, the launch area may be selected according to the condition of the
launch site, and the plurality of unmanned aerial vehicles may be placed in the selected launch area as evenly as
possible. The distance between two adjacent unmanned aerial vehicles is set to at least meet a minimum requirement
for the launch of unmanned aerial vehicle. For example, the distance between any two adjacent unmanned aerial vehicles
may be 0.5 mto 1 m.

[0046] In operation S210, the launch positions for the plurality of unmanned aerial vehicles in the launch area are
acquired.

[0047] According to the embodiments of the present disclosure, the launch positions for the plurality of unmanned
aerial vehicles may be obtained specifically by manual measurement. The measurement may specifically include de-
termining coordinate values of the positions for the plurality of unmanned aerial vehicles by taking a certain position as
a coordinate origin. The coordinate value of an i-th unmanned aerial vehicle may be represented as p; (x; y; z;).
[0048] According to the embodiments of the present disclosure, in order to further reduce the time consumption in
manual operation, the launch positions for the plurality of unmanned aerial vehicles may also be automatically detected
by a positioning system. Accordingly, the operation S210 may specifically include firstly turning on the plurality of un-
manned aerial vehicles, and keeping the plurality of unmanned aerial vehicles in a launch standby state. Then, a ground
station may acquire launch GPS positioning information of the unmanned aerial vehicles by using a communication link
through a GPS positioning function of the unmanned aerial vehicles. The positioning information of the i-th unmanned
aerial vehicle may include, for example, a longitude, a latitude and a height of the unmanned aerial vehicle, and may
be specifically represented as p; (lon;, lat;, h;), for example.

[0049] According to the embodiments of the present disclosure, in order to facilitate subsequent processing, after the
launch GPS positioning information of the unmanned aerial vehicle is acquired, the positioning information may be
converted, for example, into a rectangular coordinate representation to facilitate a subsequent determination of the target
position. The details may refer to the description for FIG. 3.

[0050] In operation S220, the assembly area corresponding to the launch area is acquired, and the assembly area
includes a plurality of target positions.

[0051] According to the embodiments of the present disclosure, generally, in order to facilitate unified management
and to ensure a smooth execution of the assembly, each launch site corresponds to a preset assembly area. The
assembly area may be specifically an area at a certain height above the launch area and has an offset with respect to
the launch area in a horizontal direction. Therefore, the assembly area may be determined after the launch site is
determined. The operation S220 may specifically include determining the corresponding assembly area according to
the position of the launch area (for example, longitude, latitude and height that may uniquely represent the position
information of the launch area).

[0052] According to the embodiments of the present disclosure, the assembly area includes a plurality of target posi-
tions. Considering that the task of arranging in formation has been determined before launching the unmanned aerial
vehicle cluster and an appropriate assembly pattern is preset for the determined task of arranging in formation, the
operation S220 may further include an operation of determining the assembly pattern according to the task of arranging
in formation, and determining the plurality of target positions in the assembly area according to the assembly pattern.
[0053] Accordingtothe embodiments of the present disclosure, an i-th target position of the plurality of target positions
may be specifically represented by R;, and a coordinate value of the i-th target position may be specifically represented,
for example, by using a certain point on the ground as a coordinate origin. More specifically, in order to facilitate a
subsequent control of the launch, for example the target position and the launch position for the unmanned aerial vehicle
may be represented in one and the same coordinate system, which is not limited in the present disclosure.

[0054] In operation S230, the target position for each unmanned aerial vehicle of the plurality of unmanned aerial
vehicles is determined according to the launch positions for the plurality of unmanned aerial vehicles and the plurality
of target positions.

[0055] According to the embodiments of the present disclosure, in order to execute the task of arranging in formation,
each unmanned aerial vehicle of the plurality of unmanned aerial vehicles uniquely correspond to one of the plurality of
target positions when the plurality of unmanned aerial vehicles fly to the assembly area, so that the plurality of unmanned
aerial vehicles may be assembled in an appropriate assembly pattern in the assembly area. Therefore, by operating
S230, the launch positions may be associated with the target positions in one-to-one correspondence, that is, the unique
target position for each unmanned aerial vehicle may be determined.

[0056] According to the embodiments of the present disclosure, considering that there may be collision in a process
of the launch of the plurality of unmanned aerial vehicles, the target position for each unmanned aerial vehicle is deter-
mined in the operation S230 in such a manner that connecting lines between the launch positions for the plurality of
unmanned aerial vehicles and respective target positions do not intersect.

[0057] According to the embodiments of the present disclosure, considering that the available energy of the unmanned
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aerial vehicle during flight is constant, the target position for each unmanned aerial vehicle is determined in the operation
S230 in such a manner that a total length of a flight path of each unmanned aerial vehicle from the launch position to
the target position is almost the same and an average length of the flight paths of the plurality of unmanned aerial vehicles
from the launch positions to the target positions is minimized, in order to execute the task of arranging in formation
successfully.

[0058] According to the embodiments of the present disclosure, in determining the target position for the unmanned
aerial vehicle in operation S230, various factors may be considered according to practical requirements and the target
position may be determined in various manners, which is not limited in the present disclosure. For example, the operation
S230 may be performed as described in FIG. 4, which is not described in detail here.

[0059] In operation S240, the plurality of unmanned aerial vehicles is launched according to the launch position for
each unmanned aerial vehicle of the plurality of unmanned aerial vehicles and the target position for each unmanned
aerial vehicle.

[0060] After the launch position and target position for the unmanned aerial vehicle are determined, a flight path and
a launch time of each unmanned aerial vehicle may be set, and the unmanned aerial vehicle may be controlled to fly
according to the flight path at the setlaunch time. Therefore, the operation S240 may specifically include firstly determining
the flight path of each unmanned aerial vehicle according to the launch position and the target position foreach unmanned
aerial vehicle.

[0061] Accordingtothe embodiments of the present disclosure, considering that even if the flight paths do not intersect,
two unmanned aerial vehicles are still likely to deviate from the paths and collide under the interaction force due to a
close distance during the launch process, then the operation S240 may further include determining the launch time
according to the flight path after the flight path is determined, so that the two unmanned aerial vehicles that are likely to
collide may launch at different time instants. Finally, the plurality of unmanned aerial vehicles may be launched according
to the determined launch time and the flight path, so that the plurality of unmanned aerial vehicles is assembled in a
preset pattern in the assembly area. According to the embodiments of the present disclosure, the specific implementation
of the operation S240 may refer to, for example, the description for FIG. 5 to FIG. 6B, which will not be described in
detail here.

[0062] Accordingly, with the method of launching the unmanned aerial vehicle cluster according to the embodiments
of the present disclosure, instead of launching the unmanned aerial vehicle towards a predetermined target position
according to a preset script path, the target position is determined in real time according to the launch position for the
unmanned aerial vehicle, and then the unmanned aerial vehicle is launched according to the determined target position.
In this way, restrictions on the placement of the unmanned aerial vehicles may be reduced, for example, there is no
need to place the unmanned aerial vehicles in a predetermined position in advance, and there is no need to pre-assign
numbers for the unmanned aerial vehicles. The time consumption in manual operation may be effectively reduced, and
the collision of two unmanned aerial vehicles caused by the incorrect placement may be avoided. In this way, a successful
execution of formation task may be effectively ensured. Furthermore, since the restrictions on the placement of unmanned
aerial vehicles are reduced, the requirements on the space and environment of the launch site may also be reduced to
a certain extent, so that the difficulty of performing task of arranging in formation may be reduced.

[0063] FIG.3schematically shows aflowchartof acquiring the launch position for the unmanned aerial vehicle according
to the embodiments of the present disclosure.

[0064] As shown in FIG. 3, the process of acquiring the launch position for the unmanned aerial vehicle in operation
S$210 may specifically include operation S311 to operation S313.

[0065] In operation S311, positioning information of the plurality of unmanned aerial vehicles in the launch area is
acquired.

[0066] According to the embodiments of the present disclosure, the positioning information of the unmanned aerial
vehicles in the launch area acquired in operation S311 may be specifically GPS positioning information that may be
specifically acquired by a ground station using a communication link. The GPS positioning information may contain the
longitude, latitude and height of the unmanned aerial vehicle. Assuming that there are M unmanned aerial vehicles, M
groups of different positioning information may be acquired in total in operation S211. The i-th group of positioning
information may be denoted as p; (lon;, lat;, h;), where lon; represents a longitude value, /at; represents a latitude value,
and h; represents a height value.

[0067] According to the embodiments of the present disclosure, in order to facilitate the acquisition of the positioning
information, before performing the operation S311, the plurality of unmanned aerial vehicles may be, for example, turned
on and kept in a launch standby state to enable the GPS positioning function of the unmanned aerial vehicles.

[0068] In operation S312, a coordinate origin in the launch area is determined. In operation S313, the positioning
information of the plurality of unmanned aerial vehicles in the launch area is converted into relative position information
with respect to the coordinate origin according to a conversion rule. The relative position information may indicate the
launch positions for the plurality of unmanned aerial vehicles in the launch area.

[0069] According to the embodiments of the present disclosure, through operation S312 to operation S313, the posi-
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tioning information p; (lon;, lat; h;) may be converted, for example, into p; (x; y;, z;). That is, through operation S312 to
operation S313, global position coordinates of the unmanned aerial vehicle may be converted into local coordinates with
respect to the coordinate origin, so as to facilitate the determination of the target position for the unmanned aerial vehicle
in operation S230.

[0070] According to the embodiments of the present disclosure, the conversion rule in operation S230 may be spe-
cifically a conversion rule for converting global coordinates into rectangular coordinates. The conversion rule may be
specifically represented, for example, by Equation (1) to Equation (3) as follows:

X; = K[cos(latref) « sin(lat;) — sin(latref) « cos(lat;) * cos(lon; — lonref)]Re Equation
(D

yi = Kcos(lat;)sin(lon; — lon,¢f) * R, Equation (2)
z; = —(hj — hpep) Equation (3)
where
K=—205 ¢ Equation (4)
" sin{cos™1c) quatio
¢ = sin(lat¢f)sin(lat;) + cos(lat,.f)cos(lat;)cos(lon; — lon,es) Equation (5)
where lat,, lon and h. represent a longitude value, a latitude value and a height value of the coordinate origin,

respectively.

[0071] FIG. 4 schematically shows a flowchart of determining the target position for each unmanned aerial vehicle
according to the embodiments of the present disclosure.

[0072] As shown in FIG. 4, the process of determining the target position for the unmanned aerial vehicle in operation
S$230 may specifically include operation S431 to operation S434.

[0073] Inoperation S431, abipartite graph is established according to the launch positions for the plurality of unmanned
aerial vehicles and the plurality of target positions.

[0074] According to the embodiments of the present disclosure, operation S431 may specifically include: determining
the plurality of launch positions as a point set, determining the plurality of target positions as a point set, and establishing
a bipartite graph between the two point sets, so that one of the two endpoints of each edge is the launch position, and
the other of the two endpoints is the target position. Specifically, if a set of coordinate values of the plurality of launch
positions is denoted as S, and a set of coordinate values of the plurality of target positions is denoted as R, then in the
established bipartite graph, the edge obtained by connecting an i-th launch position and a j-th target position may be
represented as V,-/-.

[0075] According to the embodiments of the present disclosure, the bipartite graph established in operation S431 may
be specifically a complete bipartite graph with weights, in which a weight is an opposite number of the distance between
the launch position and the target position, i.e. an opposite number of a length of the edge V,-/-. In this manner, a sum of
the flight distances of the plurality of unmanned aerial vehicles is minimized and each unmanned aerial vehicle has a
unique target position,

[0076] Inoperation S432, flightdistances of each unmanned aerial vehicle with respect to the plurality of target positions
are determined according to the launch positions for the plurality of unmanned aerial vehicles and the plurality of target
positions.

[0077] Accordingtothe embodiments of the present disclosure, the operation S432 may specifically include calculating
a distance between each launch position and each target position of the plurality of target positions one by one so as
to obtain a plurality of distance values. Assuming that there are M launch positions and M target positions, M2 distance
values may be obtained.

[0078] According to the embodiments of the presentdisclosure, in order to facilitate the calculation of the flight distance,
the coordinate value of the launch position and the coordinate value of the target position here may be represented, for
example, based on the same coordinate system. For example, in a case that the coordinate value of the launch position
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is the local coordinate obtained by operation S313 in FIG. 3, the coordinate values of the plurality of target positions
acquired in operation S220 are also the local coordinates with respect to the coordinate origin in operation S312.
[0079] In operation S433, a maximum weight matching calculation is performed on the bipartite graph according to
the flight distance of each unmanned aerial vehicle with respect to the plurality of target positions, so as to obtain a
calculation result. In operation S434, the target position for each unmanned aerial vehicle is determined according to
the calculation result.

[0080] According to the embodiments of the present disclosure, operation S433 may be specifically performed, for
example, by using a KM algorithm (Kuhn-Munkres algorithm) to obtain the maximum weight matching of the bipartite
graph under complete matching, so as to maximize a sum of the weights of all matched edges. Considering that the
weight is the opposite number of the length of the edge Vj; the calculation result obtained by performing the maximum
weight matching calculation using the KM algorithm is a result with a minimum sum of distances. That is, the calculation
result may minimize the sum of the flight distance of each unmanned aerial vehicle of the plurality of unmanned aerial
vehicles with respect to the determined target position.

[0081] According to the embodiments of the present disclosure, since each point in the set S may be assigned with
a corresponding point in the set R under the calculation result obtained by the maximum weight matching of the bipartite
graph under complete matching, a correspondence between the launch position and the target position may be deter-
mined from the the calculation result. Moreover, since the launch position uniquely represents an unmanned aerial
vehicle, the target position for each unmanned aerial vehicle may be determined directly according to the calculation result.
[0082] Accordingly, through the operation S431 to operation S434, a sum of the distances between the launch positions
for the plurality of unmanned aerial vehicles and the corresponding target positions may be minimized, so that the electric
energy stored in the unmanned aerial vehicles may be saved. Moreover, because the KM algorithm is used for the
maximum weight matching calculation, it may be ensured that the lines from the launch positions to the target positions
for the plurality of unmanned aerial vehicles do not intersect, so that the collision during the launch process of unmanned
aerial vehicles may be avoided in some extent.

[0083] FIG. 5 schematically shows a flowchart of launching unmanned aerial vehicles according to the embodiments
of the present disclosure.

[0084] As shown in FIG. 5, the process of launching the plurality of unmanned aerial vehicles in operation S240 may
specifically include operation S541 to operation S544.

[0085] In operation S541, a flight path of each unmanned aerial vehicle is determined according to the launch position
for each unmanned aerial vehicle and the target position for each unmanned aerial vehicle.

[0086] According to the embodiments of the present disclosure, in order to minimize a total energy consumption of
each unmanned aerial vehicle flying from the launch position to the target position, the flight path of each unmanned
aerial vehicle determined in operation S541 may be specifically, for example, a connecting line between the launch
position and the target position for each unmanned aerial vehicle.

[0087] Accordingtothe embodiments of the present disclosure, considering that the unmanned aerial vehicle generally
rises to a predetermined height firstly and then flies to the target position in launching, the flight path of each unmanned
aerial vehicle determined in operation S541 may be specifically a path formed by a combination of a line from the launch
position to a predetermined position at a predetermined height above the launch position and a line from the predetermined
position to the target position. In this case, in order to ensure the accuracy of the target position determined for the
unmanned aerial vehicle, the predetermined position may also be used as the launch position described in operation
S431 in FIG. 4, which will not be repeated here.

[0088] In operation S542, a first distance between any two unmanned aerial vehicles of the plurality of unmanned
aerial vehicles is determined according to the flight paths of the any two unmanned aerial vehicles. The first distance is
a shortest distance between the flight paths of the any two unmanned aerial vehicles.

[0089] In operation S543, a launch time of each unmanned aerial vehicle is determined according to the first distance
between the any two unmanned aerial vehicles.

[0090] According to the embodiments of the present disclosure, the operation S543 may specifically include: setting
different launch times for the two unmanned aerial vehicles in a case that the first distance between the two unmanned
aerial vehicles is less than a preset distance, so as to avoid collision between the two unmanned aerial vehicles during
flying to the target position; and setting the same launch time for the two unmanned aerial vehicles in a case that the
first distance between the two unmanned aerial vehicles is not less than the preset distance, so as to improve the
assembly efficiency of the plurality of unmanned aerial vehicles.

[0091] According to the embodiments of the present disclosure, the operation S543 may also be implemented, for
example, by using the method described later with reference to FIG. 6A to FIG. 6B, which will not be described in detail
here.

[0092] In operation S544, each unmanned aerial vehicle is launched according to the launch time of each unmanned
aerial vehicle and the flight path of each unmanned aerial vehicle, to enable each unmanned aerial vehicle of the plurality
of unmanned aerial vehicles to take off at the launch time and fly according to the flight path, so that the plurality of
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unmanned aerial vehicles may fly to the corresponding target positions and being arranged in a desired pattern in the
assembly area.

[0093] FIG. 6A schematically shows a flowchart of determining the launch time of the plurality of unmanned aerial
vehicles according to the embodiments of the present disclosure. FIG. 6B schematically shows a flowchart of dividing
the plurality of unmanned aerial vehicles into N flight groups according to the embodiments of the present disclosure.
[0094] AsshowninFIG.6A, the operation S543inFIG. 5 may specifically include operation S6431 and operation S6432.
[0095] In operation S6431, the plurality of unmanned aerial vehicles are divided into N flight groups according to the
first distance between any two unmanned aerial vehicles, where N is an integer greater than 1. In operation S6432, the
launch time of each flight group of the N flight groups is determined.

[0096] Accordingtothe embodiments of the present disclosure, in a case that the first distance between two unmanned
aerial vehicles is less than the preset distance, considering that the two unmanned aerial vehicles are likely to collide
during flying to the target positions, the two unmanned aerial vehicles may be divided into different flight groups, and
finally the plurality of unmanned aerial vehicles are divided into N flight groups. By assigning different launch times to
the N flight groups, the collision of unmanned aerial vehicles during flight may be effectively avoided. Each flight group
includes at least one unmanned aerial vehicle.

[0097] According to the embodiments of the present disclosure, in order to ensure that unmanned aerial vehicles with
the same launch time may not collide, the first distance of any two unmanned aerial vehicles belonging to the same
flight group is not less than the preset distance. According to the embodiments of the present disclosure, the preset
distance may be, for example, a minimum distance to ensure that two unmanned aerial vehicles may not collide.
[0098] According to the embodiments of the present disclosure, for example, a launch time t; may be set for a first
flight group of the N flight groups, and a launch time t,= t;+T4,,, may be set for a subsequent second flight group, where
T gelay represents a delay time between the launch time of the second flight group and the launch time of the first flight
group, and so on, such that the launch time of the i-th flight group may be represented as t= t,+(i-1)Tdelay. Specifically,
a value of T, here may be set as desired in practical. For example, 1s may be taken as an initial value of T, to
determine, by theoretical calculation, whether a collision occurs if the unmanned aerial vehicles is launched according
to the set launch time. If there is a collision, the value of Tde,ay may be appropriately increased, for example, to 1.5s,
and then it is determined through theoretical calculation whether there is still a collision or not. If there is still a collision,
the value of T, may be further increased until the value of Ty ,, may ensure that there is no collision. Therefore, the
value of Ty, may be a minimum value to ensure that there is no collision during the launch of the unmanned aerial
vehicle cluster, so as to effectively ensure the launch efficiency of the unmanned aerial vehicle cluster.

[0099] According to the embodiments of the present disclosure, as described in FIG. 6B, the operation S6431 in which
the plurality of unmanned aerial vehicles are divided into N flight groups may specifically include operation S6431A to
operation S6431E that are executed circularly.

[0100] In operation S6431A, the number of unmanned aerial vehicles included in the i-th flight group is determined.
In operation S6431B, it is determined whether the number of unmanned aerial vehicles included in the i-th flight group
is greater than 1 or not. If it is determined that the number of unmanned aerial vehicles included in the i-th flight group
is not greater than 1, the cycle is ended because there is no possibility of collision if the unmanned aerial vehicle included
in the i-th flight group is launched at the same time. If it is determined that the number of unmanned aerial vehicles
included in the i-th flight group is greater than 1, it is desired to determine whether there is a possibility of collision if the
plurality of unmanned aerial vehicles included in the i-th flight group launch at the same time. Therefore, operation
S6431C is performed to determine whether the first distance between any two unmanned aerial vehicles in the i-th flight
group is less than the preset distance or not. If it is determined that the first distance between any two unmanned aerial
vehicles in the i-th flight group is not less than the preset distance, it indicates that there is no possibility of collision if
the plurality of unmanned aerial vehicles in the i-th flight group are launched at the same time, and thus a determination
is performed on an i+1-th flight group. That is, operation S6431E is performed to set i to i+1, and operation S6431F is
performed to determine whether the i-th flight group includes unmanned aerial vehicles or not. If so, operation S6431A
is performed. Otherwise, a division of the plurality of unmanned aerial vehicles ends. If it is determined that the first
distance between two unmanned aerial vehicles in the i-th flight group is less than the preset distance, operation S6431D
is performed to distribute one of the two unmanned aerial vehicles into the i+1-th flight group until the first distance
between any two unmanned aerial vehicles in the i-th flight group is not less than the preset distance. Then, the deter-
mination is performed on the i+1-th flight group. That is, operation S6431E is performed to set i to i+1, and operation
S6431F is performed to determine whether the i-th flight group includes unmanned aerial vehicles or not. If the i-th flight
group does not include unmanned aerial vehicles, the division of the plurality of unmanned aerial vehicles ends. If the
i-th flight group includes unmanned aerial vehicles, operation S6431A is performed.

[0101] According to the embodiments of the present disclosure, the first distance between an m-th unmanned aerial
vehicle and an n-th unmanned aerial vehicle is denoted as D,,,,;, and the preset distance is denoted as D,y,;,. The operation
S6431 may specifically include following step 1 to step 3. In step 1, it is firstly determined whether D, is less than D,
or not. If D, < D, it indicates that there is a collision risk for the m-th unmanned aerial vehicle and the n-th unmanned
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aerial vehicle during assembly, and the numbers of the two unmanned aerial vehicles are recorded in two launch groups
I; and |,, respectively. In step 2, after values of m and n are changed, step 1 is repeatedly performed until there is no
collision risk for any two unmanned aerial vehicles in the launch group |;. In step 3, determination and distribution are
performed on the unmanned aerial vehicles in the launch group I, so as to form launch group I, and launch group I3,
then step 1 to step 2 are repeatedly performed until there is no collision risk for any two unmanned aerial vehicles in the
launch group |,. By analogy, step 1 to step 3 may be repeatedly performed to form launch group I, to launch group Iy,
so that there is no collision risk for any two unmanned aerial vehicles in the N launch groups.

[0102] Itshould be noted thatiis greater than or equal to 1 and less than or equal to N. Before performing the operation
S6431, that is, before cyclically performing the operations in FIG. 6B, the plurality of unmanned aerial vehicles in the
launch area shall belong to a first flight group. If a total number of the plurality of unmanned aerial vehicles is M, mis a
natural number greater than or equal to 1 and less than or equal to M, n is a natural number greater than or equal to 1
and less than or equal to M, and m = n.

[0103] In summary, according to the embodiments of the present disclosure, the method of determining the launch
time of the plurality of unmanned aerial vehicles described with reference to FIG. 6A to FIG. 6B may make two unmanned
aerial vehicles with collision possibility launch at different times. In this way, collision events during the launch and
assembly of the unmanned aerial vehicle cluster may be effectively avoided, and thus the smooth assembly of the
unmanned aerial vehicle cluster and the smooth progress of subsequent task of arranging in formation may be ensured.
[0104] FIG. 7 schematically shows a schematic diagram of an assembly effect of the unmanned aerial vehicles in the
assembly area after the launch of the unmanned aerial vehicles according to the embodiments of the present disclosure.
[0105] In the embodiments of the present disclosure, the control of the launch of the unmanned aerial vehicle cluster
is simulated by using the method described with reference to FIG. 2 to FIG. 6B. A result of simulation is shown in FIG.
7. As shown in FIG. 7, a plurality of unmanned aerial vehicles 710 may be controlled to fly to respective target positions
720,and a patternof"JD"shownin FIG. 7 may be formed in the assembly area including the plurality of target positions 720.
[0106] According to the simulation, with the method of launching the unmanned aerial vehicle cluster in the embodi-
ments of the present disclosure, the assignment of the target positions for the unmanned aerial vehicles is converted
into a bipartite graph matching to be solved, and then the launch strategy is optimized by delaying the launch according
to the conditions for avoiding collision during the actual flight process, thereby reducing the risk of collision while ensuring
the launch efficiency. Therefore a successful execution of subsequent tasks of arranging in formation is facilitated.
[0107] FIG. 8 schematically shows a structural block diagram of an apparatus of launching an unmanned aerial vehicle
cluster according to the embodiments of the present disclosure.

[0108] As shown in FIG. 8, an apparatus 800 of launching an unmanned aerial vehicle cluster in the embodiments of
the present disclosure includes a launch position acquisition module 810, an assembly area acquisition module 820, a
target position determination module 830, and a launch control module 840. The unmanned aerial vehicle cluster may
include a plurality of unmanned aerial vehicles located in the launch area, for example, unmanned aerial vehicles 101
to 105 located in the launch area 10 shown in FIG. 1.

[0109] The launch position acquisition module 810 is used to acquire the launch positions for the plurality of unmanned
aerial vehicles in the launch area. According to the embodiments of the present disclosure, the launch position acquisition
module 810 may acquire the launch positions, for example, through position sensors provided in the unmanned aerial
vehicles 101 to 105. The launch position acquisition module 810 may be used to, for example, perform operation S210
described with reference to FIG. 2, which will not be repeated here.

[0110] The assembly area acquisition module 820 is used to acquire the assembly area corresponding to the launch
area, and the assembly area includes a plurality of target positions. According to the embodiments of the present
disclosure, the assembly area acquisition module 820 may acquire the assembly area, for example, through communi-
cation with a server or a cloud system, and the assembly area may correspond to the launch area one by one. The
assembly area acquisition module 820 may be used to, for example, perform operation S220 described with reference
to FIG. 2, which will not be repeated here.

[0111] The target position determination module 830 is used to determine the target position for each unmanned aerial
vehicle of the plurality of unmanned aerial vehicles according to the launch positions for the plurality of unmanned aerial
vehicles and the plurality of target positions. According to the embodiments of the present disclosure, the target position
determination module 830 may be, for example, pre-stored program instructions that may determine the target positions
when executed by a processor. The target position acquisition module 830 may be used to, for example, perform operation
S230 described with reference to FIG. 2, which will not be repeated here.

[0112] Thelaunch control module 840 is used to control the launch of the plurality of unmanned aerial vehicles according
to the launch position for each unmanned aerial vehic